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to a close with a chapter (68 pp.) on input-output equipment for digital computers. 
In addition to all of the important major pieces of input-output equipment and 
some of the lesser used ones it has a section on analog-to digital conversion tech- 
niques. A bibliography of43 items extends well into 1958. 
The last major part of the handbook is concerned with the Design and Ap- 
plication of Analog computers. Ten chapters may be considered to fall under this 
category: they are as follows: 
I. Analog computation i engineering (11 pp.). 
2. Linear electronic omputer elements (37 pp.). 
3. Non-linear electronic omputer elements (40 pp.). 
4. Analogs and duals of physical systems (13 pp.). 
5. Solution of field problems (24 pp.). 
6. Noise and statistical techniques (23 pp.). 
7. Mechanical computer elements (15 pp.). 
8. Digital techniques in analog computation (18 pp.). 
9. Operational digital techniques (29 pp.). 
10. Combined analog-digital computing systems (15 pp.). 
In this section of the handbook the authors have done an excellent job in 
pretty thoroughly covering the entire field of analog computation i a relatively 
few pages and in a clear and concise enough manner so that the material may 
serve as a good general reference book for those not expert in the field. Again 
there is duplication and lack of coordination; for example, some of the material 
in the chapter on digital techniques in analog computers i covered again in the 
chapter on operational digital techniques. Methods of problem solution on the 
electronic analog computer are very briefly discussed in two places but far too 
little information on how to set up and scale and solve actual problems is given. 
The utility and operation of fast time or repetitive computers i not mentioned-- 
it should have been covered for completeness. 
In summary, there are three reasons a person professionally active in the 
computer field should buy this book: (1) to own Professor Carr's subbook on 
Digital Computer Programming, (2) to have a complete coverage of the analog 
field available in a single text, (3) to test a given idea for having been previously 
invented prior to 1957. Those persons having their first contact with the auto- 
mation, computation, and control field and for whom fingertip access to broad 
coverage is important will find this handbook correspondingly more useful. 
R. D. :ELBoURN, RUSSELL A. KIRSCH, ANn H. K. SKRAMSTAD 
Data Processing Systems Division 
National Bureau of Standardz 
Washington, D. C. 
An I~t roduct ion  to S ta t i s t i ca l  Communicat ion  Theory .  By DAVID 
Mn)DLETON. McGraw-Hill, New York, 1960. 1140 pp., $25.00. 
David Middleton has taken a prominent part in developing communication 
theory, particularly in two areas--the analysis of noise in nonlinear devices and 
the design of optimum systems for signal detection and extraction. His papers 
on these subjects, revised, extended, and provided with a broad theoretical back- 
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ground, form the core of this book. It is a massive work, tightly written, crowded 
with detail, and thoroughly documented. Our resum6 can only hint at the rich- 
ness of its contents. 
The study of nonlinear systems begins with the representation f memoryless 
devices like rectifiers and limiters by means of Fourier integrals around special 
contours. For an input consisting of a modulated carrier plus random noise, the 
second-moment function of the output of such a device is written down and ex~ 
panded into a series of harmonics of the carrier. The spectrum of the output is 
obtained by a Fourier transformation, and the signal, noise, and cross-product 
terms are identified. As elementary examples the linear rectifier with a Gaussian 
noise input and the quadratic rectifier with carrier plus noise are analyzed. 
The theory is mainly concerned with finding the covariance functions and 
spectra of the outputs of idealized modulators and detectors. Amplitude modula- 
tion before and after rectification, phase and frequency modulations before and 
after limiting and discrimination are analyzed. Results are first obtained as 
genera.lly as possible and are presented as series whose terms are contour integrals 
or hypergeometric functions. Approximations for various limiting cases are then 
derived and briefly discussed. Graphs of theoretical nd experimental spectra re 
provided. The emphasis is on mathematics, not on practical circuits. 
The second chief topic of the book is the use of statistical decision theory in 
specifying optimum systems for detecting signals and estimating their parameters. 
An introductory chapter outlines decision theory; loss and risk functions are 
written down, and the Bayes and minimax criteria are defined. The most extensive 
application of the theory is to detecting one of a class of signals in the presence 
of Gaussian oise. The minimization of average risk is shown to lead to a likeli- 
hood ratio, which is to be compared with a fixed bias depending on the costs of 
errors. The Neyman-Pearson, Ideal, and Minimax receivers, whicb also depend 
on the likelihood ratio, are defined. System evaluation in terms of Bayes risks or 
minimum detectable signals is proposed. 
From the beginning the embodiment of the likelihood ratio in a receiver de- 
sign is restricted to the threshold limit of small signaLto-noise ratio. Arrange- 
ments of matched filters, multipliers, and quadratic detectors for realizing the 
threshold form are described in considerable detail. Only much later are we shown 
the simple example of detection of a known signal in noise, for which no threshold 
approximation is necessary. Several other applications of the theory are pro~ 
vided, including an outline of how it might be applied to the radar detection of a 
target of unknown position in the presence of both thermal noise and clutter. 
Turning to the estimation of signal parameters in the presence of noise, or 
"signal extraction," Middleton first reviews the older theory of statistical esti- 
mation and applies it. He then shows how cost functions to price errors of various 
sizes enable one to assign to an estimation system an average risk whose minimi- 
zation provides the optimum, or Bayes, estimator. Constant and quadratic ost 
functions are most thoroughly discussed. The theory is applied to estimating 
signal amplitudes and the sample values of a stochastic signal, including its inter- 
polation and extrapolation. The invariance of estimators to the choice of cost 
function is considered. 
A chapter is devoted to the detection and extraction of signals on the basis of 
80 BOOK REVIEWS 
an information-loss criterion, and a final chapter introduces other topics such as 
mult ip le-alternat ive d cisions, the use of null-zones to reieet uncertain decisions, 
jo int  est imation of signal parameters,  and the choice of opt imum signal shapes 
for detection and resolution. Game theory is briefly described. The achievements 
and difficulties of the decision-theoretical approach are summarized, and subjects 
for future research are listed. 
As a background for these two main topics, the theory of noise and stochastic 
processes i  presented in detail. The book opens with a condensed review of prob- 
abi l i ty theory, followed by a survey of Fourier and Laplace transforms and their  
use in analyzing l inear systems. We are shown how time series can be described in 
terms of their  covariance functions and spectra and how these are connected by 
the Wiener-Khinchin theorem. The sampling representat ion is discussed, and 
spectra of various periodic and random pulse trains are derived. Tile use of noise 
figures to measure the performance of l inear filters and amplifiers is outl ined. 
There is a chapter on the fundamental  concepts of information theory. 
Several chapters are devoted to the Gaussian or normal random processes. 
Their  ubiquity stems from their  appearance as the l imits of sums of a large number 
of independent random variables, as revealed by the central- l imit theorem. This 
behavior is introduced by analyzing a three-dimensional random walk, but the 
complicated notat ion obscures the basic concepts; a derivat ion of the theorem 
restr icted to one dimension would have been clearer. We are shown how to derive 
the means and eovariances of l inear functionals uch as derivatives and integrals 
of normal processes. The normal process is expanded in terms of the eigenhmctions 
of an integral  equation whose kernel is the covariance function. The special 
properties of Fourier expansions are developed. Distr ibut ions of envelope and 
phase of narrowband processes are worked out, and the calculation of average 
numbers of zero-crossings and maxima of normal processes is described. 
The author makes an excursion into the theory of Markov processes as described 
by the Langevin, Fokker-Planck, and Boltzmann equations. Random walks are 
touched on again, and we are shown how they can be described by diffusion equa- 
tions in certain l imit ing cases. The physical origins of noise are introduced by 
two derivations of the Nyquist  law, one based on a simple electron model of a 
resistor, the other on thermodynamics.  The law is generalized to cover l inear 
networks in and out of thermal  equil ibrium. A general theory of impulse noise 
follows, and the spectrum and distr ibution of shot noise are derived. 
Later, the errors incurred in est imating the means, variances, and spectra of 
normal processes by observations on finite samples are studied. The theory of 
l inear prediction and filtering is outl ined, and the use of matched filters to maxi- 
mize signal-to-noise ratios is described. There is a chapter on computing prob- 
abi l i ty distr ibutions of quadratic functionals of Gaussian processes, with the 
problem of the filtered output of a quadratic detector as an example. There are 
appendices on special functions and on the solution of integral  equations whose 
kernels have rat ional  Fourier transforms. A general bibl iography supplements 
the extensive ones after each chapter. 
This book might  better have been three, one on fundamentals,  one on non- 
l inear systems, and one on signal-detection theory. The last two topics are inde- 
pendent and could have been treated apart  without loss. Both are so advanced 
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that those interested in them could be presumed familiar with basic theory. On 
the other hand, the chapters on fundamental theory with their many problems 
might by themselves have been organized into an excellent ext, and the student 
would have been spared buying an expensive tome of which only part is of im- 
mediate use to him. As it is, the book is difficult for the beginner without an 
experienced teacher to select, interpret, and explain. However that may be, 
mathematicians and engineers working in communication theory will be grateful 
to the author for collecting the results of his investigations and for presenting 
along with them a concise treatment of random-noise theory. The book 
has covered the field in such detail that it will stand for many years as an in- 
dispensable reference. 
CARL W. HELSTROM 
Mathematics Department 
Westinghouse R search Laboratories 
Pittsburgh, Penna. 
A Col lect ion  of  Mathemat ica l  Prob lems.  By S. M. ULA~. (Tracts in Pure 
and Applied Mathematics, Number 8.) Interscienee, New York and London, 1960. 
150 pp. $5.00. 
As the title indicates, this is a miscellany of unsolved questions ranging over 
many different fields of mathematics. The order of chapters, from the most ab- 
stract to the most concrete, is also the order in which the author has noted these 
problems, from the time when he shared Stefan Banach's table at the famous 
Caf6 Ecossais in Lwow to his current position with the Atomic Energy Com- 
mission at Los Alamos. If it is true that the canonical method to solve a problem 
is to wait until Paul ErdSs becomes interested in it, it may also be true that the 
canonical method to make a problem famous is to wait until Stan Ulam notes it 
down. 
Since there is no structure in the book, only some taxonomic order, one cannot 
describe it without copying the table of contents, which we shall not do. Suffice 
to say concerning the first chapters, that they are devoted to Set Theory, (in- 
cluding some infinite games), Algebraic Problems (including a problem on mat- 
rices arising in the theory of automata), Metric Spaces, Topological Spaces, 
Topological Groups, and Some Questions of Analysis (including a very chal- 
lenging description of the stabil ity problem for functional equations: when is it 
true that the solution of an equation differing slightly from a given one, must of 
necessity be close to the solution of the given equation?). 
The last two chapters are closer to home, for the presumed readers of Informa- 
tion and Control. 
Physical Systems (Reviewed by B. B. Mandelbrot) 
1. Generating Functions and Multiplicative Systems (i.e., birth and death 
processes in the case where there are several kinds of particles), la. Examples of 
mathematical problems suggested by biological schemata (these are physical 
systems!; the author notes a system of infinitely many nonlinear differential 
equations generalizing the work of Volterra and Feller). 2 to 5. Infinities in Physics 
